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(57) ABSTRACT

Balloon catheter includes an elongate tubular shaft having
an outer tubular member having proximal and distal por-
tions, and an inner tubular member having a distal length
extending distally from the distal portion of the outer tubular
member. The elongate tubular shaft has an inflation lumen
and a guidewire lumen defined therein. The guidewire lumen
extends along at least the distal length of inner tubular
member. The balloon catheter also includes a distal end
section coupled to a distal end of the inner tubular member
and having a proximal end and a distal end. The balloon
catheter also includes a balloon having a proximal portion
sealingly coupled to the distal portion of the outer tubular
member, a distal portion sealingly coupled to the distal end
section, and a working length therebetween. The balloon
defines an inner chamber. The proximal end of the distal end
section is disposed within the inner chamber.
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CATHETER HAVING TRANSITIONING
SHAFT SEGMENTS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/180,550, entitled “Catheter Having Transi-
tioning Shaft Segments” and filed Feb. 14, 2014; which is a
continuation of U.S. patent application Ser. No. 13/562,810,
entitled “Catheter Having Transitioning Shaft Segments”
and filed Jul. 31, 2012, which issued as U.S. Pat. No.
8,657,782 on Feb. 25, 2014; which is a continuation of U.S.
patent application Ser. No. 11/958,106, entitled “Catheter
Having Transitioning Shaft Segments” and filed Dec. 17,
2007, which issued as U.S. Pat. No. 8,403,885 on Mar. 26,
2013, the contents of each of which is hereby incorporated
by reference in its entireties herein.

BACKGROUND OF THE INVENTION

This invention generally relates to catheters, and particu-
larly intravascular catheters for use in percutaneous trans-
luminal coronary angioplasty (PTCA) or for the delivery of
stents.

In percutaneous transluminal coronary angioplasty
(PTCA) procedures, a guiding catheter is advanced in the
patient’s vasculature until the distal tip of the guiding
catheter is seated in the ostium of a desired coronary artery.
A guidewire is first advanced out of the distal end of the
guiding catheter into the patient’s coronary artery until the
distal end of the guidewire crosses a lesion to be dilated. A
dilatation catheter, having an inflatable balloon on the distal
portion thereof, is advanced into the patient’s coronary
anatomy over the previously introduced guidewire until the
balloon of the dilatation catheter is properly positioned
across the lesion. Once properly positioned, the dilatation
balloon is inflated with inflation fluid one or more times to
a predetermined size at relatively high pressures so that the
stenosis is compressed against the arterial wall and the wall
expanded to open up the vascular passageway. Generally,
the inflated diameter of the balloon is approximately the
same diameter as the native diameter of the body lumen
being dilated so as to complete the dilatation but not over
expand the artery wall. After the balloon is finally deflated,
blood resumes through the dilated artery and the dilatation
catheter and the guidewire can be removed there from.

In such angioplasty procedures, there may be restenosis of
the artery, i.e., reformation of the arterial blockage, which
necessitates either another angioplasty procedure, or some
other method of repairing or strengthening the dilated area.
To reduce the restenosis rate of angioplasty alone and to
strengthen the dilated area, physicians now normally
implant an intravascular prosthesis, generally called a stent,
inside the artery at the site of the lesion. Stents may also be
used to repair vessels having an intimal flap or dissection or
to generally strengthen a weakened section of a vessel or to
maintain its patency. Stents are usually delivered to a desired
location within a coronary artery in a contracted condition
on a balloon of a catheter which is similar in many respects
to a balloon angioplasty catheter, and expanded within the
patient’s artery to a larger diameter by expansion of the
balloon. The balloon is deflated to remove the catheter and
the stent left in place within the artery at the site of the
dilated lesion. For details of stents, see for example, U.S.
Pat. No. 5,507,768 (Lau, et al.) and U.S. Pat. No. 5,458,615
(Klemm, et al.), which are incorporated herein by reference.
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An essential step in effectively performing a PTCA pro-
cedure is properly positioning the balloon catheter at a
desired location within the coronary artery. To properly
position the balloon at the stenosed region, the catheter must
have good pushability (i.e., ability to transmit force along
the length of the catheter), and good trackability and flex-
ibility, to be readily advanceable within the tortuous
anatomy of the patient’s vasculature. Conventional balloon
catheters for intravascular procedures, such as angioplasty
and stent delivery, frequently have a relatively stiff proximal
shaft section to facilitate advancement of the catheter within
the patient’s body lumen and a relatively flexible distal shaft
section to facilitate passage through tortuous anatomy such
as distal coronary and neurological arteries without damage
to the vessel wall. These flexibility transitions can be
achieved by a number of methods, including bonding two or
more segments of different flexibility together to form the
shaft. However, such transition bonds must be sufficiently
strong to withstand the pulling and pushing forces on the
shaft during use. One difficulty has been providing a flex-
ibility transition which improves catheter maneuverability,
yet with a sufficiently strong transition bond, especially at
the transition between the distal end of the shaft inner
tubular member (extending through the balloon interior) and
a soft distal tip member formed of a relatively soft material
to provide an atraumatic distal leading end for the catheter.
If the tip pull strength is low, the soft distal tip member could
tear or become detached during use, which can result in
serious harm or death to the patient. Moreover, the need for
high tip pull strength often competes with the desire for a
low tip crossing profile, i.e., efforts to increase the strength
of the bond between the soft distal tip member and the
balloon and/or inner tubular member often result in an
increased distal seal profile. Accordingly, it would be a
significant advance to provide a catheter having an improved
flexibility transition with a low profile.

SUMMARY OF THE INVENTION

The invention is directed to a catheter having shaft
segments which are joined together by a strong bond pro-
viding a low profile shaft section with a flexibility transition
and/or a compositional transition.

In a presently preferred embodiment, the catheter is a
balloon catheter with a balloon on a distal shaft section,
having an interior in fluid communication with the at least
one lumen of the catheter shaft. A balloon catheter of the
invention generally comprises an elongated shaft having a
proximal shaft section, a distal shaft section, an inflation
lumen extending within the proximal and distal shaft sec-
tions, and a guidewire receiving lumen extending at least
within the distal shaft section, and an inflatable balloon on
the distal shaft section with an interior in fluid communica-
tion with the inflation lumen. The balloon typically has a
proximal skirt section and a distal skirt section sealingly
secured to the shaft, and an inflatable working length and
proximal and distal cone sections defining the inflatable
interior of the balloon located between the skirt sections of
the balloon. In a presently preferred embodiment, the shaft
comprises an outer tubular member defining the inflation
lumen, and an inner tubular member defining at least a
portion of the guidewire receiving lumen. However, a vari-
ety of suitable shaft designs may be used including a
single-lumen shaft, or eccentric multi-lumen type shafts
such as a catheter having the balloon proximal skirt section
bonded to the distal end of a dual-lumen type shaft, and the
balloon distal skirt section bonded to the distal end of an



US 9,468,744 B2

3

inner tubular member extending from the distal end of the
dual lumen shaft. The balloon catheter of the invention may
comprise a variety of suitable balloon catheters, including
coronary and peripheral dilatation catheters, stent delivery
catheters, drug delivery catheters, and the like.

In one embodiment, a balloon catheter of the invention
has a distal tip member and a coupling band member
surrounding a junction of the shaft inner tubular member,
and has a gradual change in bending stiffness along a distal
end section of the shaft which extends distally from a
location within the balloon interior. Specifically, the balloon
catheter has a distal tip member which is secured to a distal
end of the inner tubular member (i.e., the portion of the shaft
extending in the balloon interior) to define a distal end
section of the shaft lumen, and a distal coupling band
member on an outer surface of the inner tubular member
surrounding a junction of the inner tubular member, having
a distal end which abuts the inner surface of the balloon at
a distal end of the distal cone section of the balloon. The
distal coupling band member preferably abuts but does not
bond to the interior surface of the distal cone section of the
balloon, and consequently preferably improves tip pull
strength without damaging or otherwise weakening the
integrity of the balloon wall. The coupling band member
preferably has a low profile, to minimize the shaft profile
therealong. In one embodiment, the tip member is a soft
distal tip formed at least in part of a softer polymeric
material (e.g., having a lower Shore durometer hardness)
than the distal end of the shaft inner tubular member.

In another embodiment, a catheter of the invention has
shaft segments joined together by a diagonal seam, and
generally comprises an elongated shaft having a proximal
end, a distal end, a proximal tubular member, and a distal
tubular member which has a diagonally extending proximal
end bonded to a diagonally extending distal end of the
proximal tubular member, such that the bond between the
ends extends from a first side of the shaft diagonally to an
opposite side of the shaft (i.e., diagonally across the lumen
defined by the tubular members) to form a diagonal seam.
The diagonal seam can be used to join a soft tip member to
the shaft inner member, or additionally or alternatively to
join more proximal shaft segments together.

Although discussed primarily in terms of a junction
between different stiffness tubular members providing a
flexibility transition, it should be understood that the junc-
tions of the invention can additionally or alternatively pro-
vide a change in the composition of the shaft in order to
change different shaft characteristics such as bondability,
lubricity, radiopacity, color, and the like.

A catheter of the invention has an improved transition,
such as a flexibility transition along a length of the catheter
shaft which preferably provides improved trackability.
These and other advantages of the invention will become
more apparent from the following detailed description and
accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view, partially in section, of a
balloon catheter embodying features of the invention, hav-
ing a distal coupling band member surrounding a junction
between an inner tubular member and a distal tip member.

FIGS. 2-4 are transverse cross sectional views of the
catheter of FIG. 1, taken along lines 2-2, 3-3 and 4-4,
respectively.

FIG. 5 illustrates an alternative embodiment of the cath-
eter of FIG. 1, in which the inner tubular member includes
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4

a proximal member and a distal member joined together at
about the center of the working length of the balloon.

FIG. 6 illustrates an alternative embodiment of the cath-
eter of FIG. 1, in which the distal coupling band member
surrounds a junction between the proximal and distal mem-
bers of the inner tubular member.

FIG. 7 illustrates an alternative embodiment of the cath-
eter of FIG. 1, in which the catheter includes a proximal
coupling band member surrounding the bond between the
proximal and distal members of the inner tubular member.

FIG. 8 is an elevational view, partially in section, of an
alternative catheter embodying features of the invention,
having shaft segments joined by a diagonal seam and a
diagonally extending coupling band member.

FIGS. 9a, 95, and 9c are transverse cross sections of FIG.
8, taken through lines 9a-9a, 95-95, and 9¢-9c, respectively.

FIG. 10 illustrates an alternative embodiment of the
invention, having a first diagonal seam, and a second diago-
nal seam between two shaft segments located proximal to
the soft tip member of the catheter.

FIG. 11 illustrates an alternative embodiment of the
invention, having a diagonal seam formed by shaft segments
with overlapping diagonal ends.

FIG. 12 is a transverse cross section of FIG. 11, taken
through line 12-12.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates an elevational view, partially in section,
of'a balloon catheter 10 embodying features of the invention,
generally comprising an elongated shaft 11 having a proxi-
mal end, a distal end, an inflation lumen 12, a guidewire
receiving lumen 13, and a balloon 14 on a distal shaft section
having an inflatable working length between an inflatable
proximal cone section and an inflatable distal cone section
15, and a proximal skirt section and distal skirt section 16
sealingly secured to the shaft, such that an interior of the
balloon is in fluid communication with the inflation lumen
12. In the illustrated embodiment the shaft 11 comprises an
outer tubular member 17 with the inflation lumen 12 therein,
and an inner tubular member 18 with the guidewire lumen
13 therein, and a distal tip member 19 is secured to a distal
end of the inner tubular member 18 to define a distal end
section of the guidewire lumen. A radiopaque marker band
40 of metal or radiopaque loaded polymer is on the inner
tubular member at about the center of the working length of
the balloon, although radiopaque markers can be provided at
a variety of locations including at the ends of the working
length section. An adapter 41 on the distal end of the shaft
has a port configured for connecting to a fluid delivery
source (not shown) for inflating/deflating the balloon 14.
The catheter 10 can be advanced within a patient’s vascu-
lature to position the balloon 14 at a desired location with the
balloon in a low profile deflated configuration, and the
balloon inflated to perform a medical procedure one or more
times, and the balloon deflated for removal from the patient.
FIG. 1 illustrates the balloon in an inflated configuration,
with a guidewire 20 slidably disposed in the guidewire
lumen 13.

In the embodiment of FIG. 1, the inner tubular member 18
comprises a proximal member 26, and a distal member 27
which has a proximal end bonded to a distal end of the
proximal member 26, and which forms the distal end of the
inner tubular member bonded to the distal tip member 19.
Typically, the distal member 27 of the inner tubular member
is more flexible than the proximal member 26, to improve
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the ability of the catheter to track along the guidewire 20 and
be advanced within a patient’s tortuous anatomy. The distal
tip member 19 is typically formed of a relatively soft
polymeric material providing an atraumatic distal leading
end, and in one embodiment, is formed at least in part of a
softer polymeric material than the distal end section of the
inner tubular member immediately proximally adjacent to
the soft distal tip member 19. The soft distal tip member 19
can be formed of a variety of suitable polymeric materials,
although at least the outer surface is preferably fusion bond
compatible with the material of the balloon 14. The rela-
tively low Shore durometer hardness of the soft distal tip
material is typically about 35 to about 70 D. In the embodi-
ment of FIG. 1, a proximal end of the distal tip member 19
is located in the balloon inflatable interior proximal to the
distal skirt section 16, and the distal skirt section 16 is
sealingly secured to an outer surface of (only) the distal tip
member 19.

A distal coupling band member 21 on an outer surface of
the inner tubular member 18 surrounds a junction 22 of the
inner tubular member 18, and has a distal end which abuts
the inner surface of the balloon 14 at a distal end of the distal
cone section 15. The junction surrounded by the distal
coupling band member 21 is between the distal end of the
inner tubular member 18 and the proximal end of the distal
tip member 19. Specifically, the distal tip member 19 and the
distal member 27 of the inner tubular member 18 are bonded
end-to-end, with the distal coupling band member surround-
ing the abutting ends of the tubular members. The distal
coupling band member 21 is formed of a polymeric material,
and has an inner surface bonded to the outer surfaces of the
inner tubular member 18 and distal tip member 19 across the
junction 22, to strengthen the junction. The distal coupling
band member is preferably fusion bonded to the outer
surfaces of the shaft members 18, 19. Additionally, at least
a layer of the inner tubular member 18 fusion bonds to the
abutting end of the distal tip 19 to form the junction 22.
Although adhesive bonding is possible it is much less
preferred due at least in part to manufacturing complica-
tions. FIGS. 2-4 are transverse cross sectional views of the
catheter of FIG. 1, taken along lines 2-2, 3-3 and 4-4,
respectively.

The distal coupling band member 21 is not bonded to the
balloon 14. Thus, the outer end surface of the distal coupling
band member 21 that abuts the inner surface of the distal
cone of the balloon is not bonded to said inner surface of the
balloon. Preferably, to prevent such bonding from occurring,
the distal cone of the balloon is cooled during heat fusion
bonding of the distal skirt section of the balloon to the
underlying section of the distal tip member 19, for example
by directing a cooling fluid (e.g., air stream) at the distal
cone. The coupling band member 21 preferably has a low
profile, and specifically, in one embodiment is about 0.03 to
about 0.07 mm thick. However, the coupling band member
21 is configured to provide a moderate profile increase
sufficient to prevent pullout to improve tip pull strength, and
is thus unlike conventional thin metal marker bands com-
monly embedded in the shaft to minimize any local profile
increase. Although the coupling band member 21 is thin, it
preferably does not extend under the distal skirt section 16
of the balloon. Prior to bonding, the distal skirt section 16 of
the balloon has an inner diameter closely matched to the
outer diameter of the section of the shaft (e.g., the distal tip
member 19) to be bonded thereto, such that the resulting
distal skirt section seal has a low profile. During assembly,
the distal tip member 19 is slid distally through the distal
skirt section until the distal coupling band member, prefer-
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ably acting as a stop, abuts the inner surface of the distal
cone. With the distal tip member 19 thus in position under
the distal skirt 16, the bond between the distal skirt 16 and
distal tip 19 is formed. In the resulting finished catheter, the
distal coupling band member increases the tip pull strength
(i.e., the ability of the catheter at the distal tip 19 to
withstand pushing and pulling forces).

The polymeric material of the distal coupling band mem-
ber 21 can melt and flow during bonding to the shaft 11.
However, the bulk of the material of the distal coupling band
member 21 must remain over the inner member junction 22
for functioning as the required coupler, and for preferably
acting as a stop which abuts the inner surface of the
inflatable cone 15 of the balloon 14. Thus, the distal cou-
pling band member 21 preferably does not extend under the
distal skirt section 16 of the balloon 14, or otherwise does
not substantially increase the profile at the distal skirt 16
(e.g., by no more than 0.0005 to about 0.002 inches, or about
2 to about 10% of the outer diameter at the distal skirt 16).

The distal coupling band member 21 has a relatively short
length configured to provide sufficient strengthening of the
junction 22 while minimizing the length (to minimize any
stiffness/profile disadvantageous effects), thus, in one
embodiment the proximal end of the distal coupling band
member 21 is located closer to the distal end of the distal
cone section 15 than to a proximal end of the distal cone
section 15 of the balloon 14. However, depending on the size
of the balloon, the proximal end of the distal coupling band
member 21 could be anywhere along the length of the distal
cone of the balloon. The distal coupling band member 21
length is typically about 1 to about 3 mm.

In the embodiment of FIG. 1, the inner tubular member
proximal and distal member junction 28 is a lap joint at the
distal end of the working length of the balloon. However, the
inner member can have a variety of suitable configurations
including being a single unitary tube, or multiple tubes
joined by end-to-end joints or lap joints. FIG. 5 illustrates an
alternative embodiment similar to the embodiment of FIG.
1 except that the inner tubular member proximal member 26
and distal member 27 are joined together at about the center
of the working length of the balloon 14.

In the embodiment of FIG. 1, the distal coupling band
member 21 surrounds the junction 22 of the distal member
27 and the distal tip member 19. FIG. 6 illustrates an
alternative embodiment which is similar to the embodiment
of FIG. 1 except that the distal coupling band member 21
surrounds a junction 28 between the proximal and distal
members 26, 27 of the inner tubular member 18. In the
embodiment illustrated in FIG. 6, the balloon distal skirt
section 16 surrounds the junction 22 between the distal tip
member 19 and the distal member 27, although in an
alternative embodiment (not shown), the junction 22
between the distal tip member 19 and distal member 27 is
proximal to the balloon distal skirt section 16, with a
coupling band member surrounding one or both of the
junctions 22, 28.

FIG. 7 illustrates an alternative embodiment similar to the
catheter of FIG. 1 except that the catheter includes a
proximal coupling band member 31 surrounding the bond 28
between the proximal and distal members 26, 27 of the inner
tubular member 18. In the illustrated embodiment, the
proximal coupling band member 31 is at the center of the
working length of the balloon 14, although the proximal
coupling band member 31 and inner member junction 28
there under can be at a variety of suitable longitudinal
locations along the shaft, typically within the inflatable
interior of the balloon 14. For example, in alternative



US 9,468,744 B2

7

embodiments (not shown) the proximal coupling band mem-
ber 31 and inner tubular member junction 28 there under are
located at the distal end of the working length of the balloon
14 (at the proximal end of the distal cone section 15), or
along the distal cone section 15 of the balloon 14.

In a presently preferred embodiment the coupling band
members 21, 31 are formed of a polyether block amide
(PEBAX) copolymer. However, the coupling band members
21, 31 can be formed of a variety of suitable polymeric
materials, which are preferably fusion bond compatible with
the outer layers of the underlying tubular members, and
which include polyamides, polyurecthanes, high density
polyethylene (HDPE), ultrahigh molecular weight polyeth-
ylene (UHMWPE), and polyimide. In an embodiment in
which the proximal coupling band member 31 is located at
the working length of the balloon 14, it is preferably a
polymeric material loaded with radiopaque material, to
function as a radiopaque marker band. The distal coupling
band member 21 is preferably not radiopaque, due to its
location.

FIG. 8 illustrates an alternative catheter 110 embodying
features of the invention, having shaft segments joined by a
diagonal seam 120 and a diagonally extending coupling
band member 123 surrounding the diagonal seam. In the
illustrated embodiment, the catheter 110 is a balloon catheter
generally comprising an elongated shaft 111 having a proxi-
mal end, a distal end, an inflation lumen 112, a guidewire
receiving lumen 113, and a balloon 114 on a distal shaft
section having an interior in fluid communication with the
inflation lumen 112. In the embodiment of FIG. 8, the shaft
111 comprises an outer tubular member 117 with the annular
inflation lumen 112 therein, an inner tubular 118 with the
guidewire lumen 113 therein, and a distal tip member 119
(e.g., a soft tip member) which is secured to a distal end of
the inner tubular member 118 to thereby define a distal
portion of the guidewire lumen 113 and which is formed at
least in part of a softer polymeric material than the distal end
of the inner tubular member 118. Although illustrated in a
balloon catheter 110, it should be understood that the diago-
nal seam 120 of the invention can be used to join shaft
segments of a variety of suitable catheters including stent
and drug delivery catheters (with or without a balloon), and
the like.

The distal tip member 119 has a diagonally extending
proximal end bonded to a diagonally extending distal end of
the inner tubular member 118, such that the bond between
the ends extends from a first side of the shaft diagonally to
the opposite side of the shaft (i.e., diagonally across the
guidewire lumen 113 defined by the tubular members 118,
119) to form diagonal seam 120. Because the seam 120 is
diagonal, the proximal end 121 of the seam is at the first side
of the shaft while the distal end 122 of the seam is at the
opposite side of the shaft, and portions of the inner tubular
member 118 radially adjacent to the proximal end 121 of the
seam 120 (i.e., in a transverse cross section in a plane
perpendicular to the shaft axis taken through the proximal
end 121) are proximally spaced from longitudinally adjacent
middle portions of the seam located between the ends 121,
122 of the seam 120. The diagonal seam 120 provides a
gradual flexibility transition in which the material of the
inner tubular member gradually gives way to the material of
the soft distal tip member along the entire length of the bond
(i.e., from the proximal end 121 to the distal end 122 of the
bond). As a result, in contrast to a joint between tubular
members with a straight cut end(s), the diagonal seam of the
invention provides a less abrupt change in stiffness along the
axial (longitudinal) direction. Additionally, the diagonal
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seam results in a stronger junction than a straight cut butt,
lap, or otherwise coupled seam of similar diameter, as
discussed in more detail below.

In the embodiment of FIG. 8, the diagonally extending
ends are butt joined together (i.e., without overlapping the
inner and outer surfaces of the tubular members 118, 119).
The diagonal seam provides a strong bond. Specifically,
unlike a conventional butt joint between straight ends, the
diagonally extending ends provide a longer bond length and
correspondingly larger bond cross-sectional area for bond-
ing together. The longer bond length of the diagonal butt
joint bond is particularly advantageous in an embodiment in
which one or both of the tubular members 118, 119 is a
multilayered tubular member having a layer of material
which is not readily bondable. For example, the inner
tubular member 118 preferable has an outer layer of a
material such as a polyamide which facilitates bonding to
adjacent components, and an inner layer of a lubricious/low
friction material such as HDPE which has a relatively low
surface energy and which is not readily fusion or adhesively
bonded to other polymeric materials such as polyamides
commonly used to form soft tip members. Thus, the diagonal
butt joint bond increases the surface area of the bondable
outer layer material contributing to the bond, thereby pro-
viding a stronger bond to the soft distal tip member formed
at least in part of a material compatible with the outer layer
material of the inner tubular member.

In a method of forming the diagonal seam 120, the ends
of the inner tubular member 118 and distal tip member 119
are made to taper diagonally at the same angle, typically by
cutting or otherwise mechanically removing material from
the end of each tubular member 118, 119. The resulting
diagonally extending surfaces are put together such that the
inner and outer surfaces of the inner tubular member 118 are
aligned with the inner and outer surfaces, respectively, of the
distal tip member 119. The mating surfaces are then bonded
together to form the diagonal bonded seam 120, typically by
heat fusing by focusing a heat source on the mating surfaces
to soften the polymeric materials and then allowing the
heated materials to cool and solidify together. Alternatively,
an adhesive can be provided between the mating surfaces,
such that the resulting diagonal seam 120 is an adhesive
bond. The terminology “bonded seam™ should be under-
stood to refer to a bond formed between two separately
formed tubes, and not a bond which naturally results during
formation thereof such as by coextrusion of a multilayered/
multisectioned shaft. The tubular members are typically
formed by hot melt extrusion, and thus the bonded seam is
formed after extrusion of the tubular members. A mandrel is
typically provided inside the tubular members 118, 119
during bonding to support the luminal shape, and a heat
shrink tube (not shown) is typically provided on the tubular
members 118, 119 at the location of the mating surfaces, to
facilitate forcing the mating surfaces together during bond-
ing, and which is removed and discarded after formation of
the bond. The length of the resulting diagonal seam can vary
depending on characteristics such as the location of the seam
120 along the length of the catheter, the nature of the tubular
members bonded together thereby, and the desired charac-
teristics of the transition formed thereby. The diagonal butt
joint seam 120 located in the balloon interior or elsewhere
along the length of the catheter generally has a length of
about 0.5 mm to about 40 mm, more typically about 20 to
about 30 mm.

The diagonal butt joint bond 120 does not increase the
profile of the shaft. The outer surface of the inner tubular
member 118 aligns with the outer surface of the soft tip
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member 119 prior to the bonding. In contrast, if the inner
tubular member 118 had a conventionally tapered distal end
(i.e., which decreases the outer diameter of the tubular
member by tapering uniformly around the entire circumfer-
ence of the tubular member), the proximal end of the soft tip
member would have to flare outwardly to bond by overlap-
ping the tapered distal end, and thus would increase the
profile of the shaft therealong. Moreover, compared to
bonding to a conventionally tapered end, the diagonal ends
facilitate forming a relatively long bond length because the
diagonal seam 120 extends diagonally across the shaft
lumen (e.g., guidewire lumen 113) from one side to the
opposite side of the shaft 111.

As with the embodiment of FIG. 1, coupling band mem-
ber 123 covers the seam between the inner tubular member
118 and the soft distal tip member 119. In the embodiment
of FIG. 8, the coupling band member 123 extends diago-
nally, preferably at an angle corresponding to the diagonal
butt joint seam 120. Specifically, the diagonally extending
coupling band member 123 surrounds the diagonal seam 120
on an outer surface of the tubular members 118, 119, and has
diagonal proximal and distal ends extending diagonally
across the inner diameters of the tubular members 118, 119.
The discussion above relating to the materials of the cou-
pling band member of the embodiment of FIG. 1 applies to
diagonal coupling band member 123. FIGS. 9a-9a, 95-95
and 9¢-9c illustrate transverse cross sections of the catheter
of FIG. 8 taken along lines 9a-9a, 956-956, and 9¢-9c, respec-
tively. The diagonal coupling band member 123 extends
fully around the circumference of the shaft 111, to reinforce
the diagonal seam 120, but provides a more gradual change
in stiffness and profile than a coupling band having straight
end(s). In the illustrated embodiment, the distal end of the
diagonal coupling band member 123 abuts the inner surface
of the balloon at a distal end of the distal cone section.
However, the location of the diagonal coupling band mem-
ber 123 (and diagonal seam 120 there under) can vary.

Although the embodiment illustrated in FIG. 8 has the
diagonal seam 120 between the inner tubular member and
the distal tip in the balloon interior, it should be understood
that the diagonal seam 120 can be used at any location along
the length of the catheter 110 from the proximal to the distal
end of the catheter, and including between segments of the
outer tubular member 117 of the shaft 111 in addition to or
as opposed to the inner tubular member 118. One embodi-
ment has multiple flexibility transitions provided by mul-
tiple diagonal seams in accordance with the invention at
different longitudinal locations along the shaft. FIG. 10
illustrates an alternative embodiment of the invention in
which the shaft 111 has a first diagonal seam 120 which is
between the inner tubular member 118 and tip member 119
and which is located under the distal skirt of the balloon 114,
and a second diagonal seam 120 between two segments 124,
125 of the inner tubular member 118 located proximal to the
soft tip member 119. In the embodiment of FIG. 10, the two
diagonal seams 120 extend diagonally at different angles but
toward the same side of the shaft (circumferential orienta-
tion). In alternative embodiments the seams 120 have the
same angle and/or a different circumferential orientation.
Although the distal diagonal seam 120 is illustrated in FIG.
10 with a relatively short length that is entirely under the
balloon distal skirt section 16, in alternative embodiments
the distal diagonal seam 120 has a longer length/more acute
angle such that it extends from under the skirt 16 to a
location proximal and/or distal of the balloon distal skirt
section 16. For example, in one embodiment, the diagonal
seam 120 located in part under the balloon distal skirt
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section 16 has a proximal end 121 located at the proximal
end of the cone section of the balloon (at the distal end of the
working length of the balloon). As a result, in one embodi-
ment, the length of a proximal end section of the distal tip
from the proximal to the distal end of the diagonal seam is
longer than the length of a distal section of the distal tip from
the distal end of the diagonal seam to the distal end of the
distal tip member 119.

FIG. 11 illustrates an alternative embodiment in which the
catheter shaft 111 has a diagonal seam 130 formed by tubular
members 131, 132 with overlapping diagonal ends. The
lap-joined diagonal seam 130, although not as low profile as
the butt-joined diagonal seam 120, still provides an
improved flexibility transition in which the overall volume
of softer material of the distal tubular member 132 gradually
increases along the entire length of the bond. The stiffness
increase caused by overlapping the ends of the tubular
members is more gradual than the stiffness increase that
would have resulted if one or both mating ends of the tubular
members 131, 132 had a conventional straight end. FIG. 12
is a transverse cross section taken through the diagonal bond
between the diagonal ends of the tubular members 131, 132,
along line 12-12 of FIG. 11.

In a presently preferred embodiment, the inner tubular
member 118 is a trilayer tubular member having an inner
layer typically formed of a lubricous material such as HDPE,
a middle tie layer such as a functionalized polyolefin adhe-
sive polymer, and an outer readily bondable layer such as a
polyamide such as a nylon or a polyether block amide
(PEBAX). The diagonal seam between two segments of the
inner tubular member provides a stiffness transition typically
by transitioning from a trilayer having an outer layer of a
higher Shore durometer hardness material to a trilayer
having an outer layer of a compatible but lower Shore
durometer hardness material. For example, in one embodi-
ment, the diagonal seam 120 is between a proximal segment
124 of a trilayer of HDPE, tie layer polymer, and PEBAX
63D outer layer to a distal segment 125 of a trilayer of
HDPE, tie layer polymer, and PEBAX 35D outer layer,
although a variety of suitable materials may be used. In the
illustrated embodiment, the distal tip member 119 is a single
layer tubular member, typically being formed of a polymer
fusion bond compatible an adjacent layer of the inner tubular
member 118. However, a variety of suitable tip members can
be used including multilayer tip members. The distal tip
member is generally configured to provide flexibility and is
typically formed of a softer polymeric material than the
adjacent section of the inner tubular member.

In one embodiment, the diagonal seam 120, 130 provides
directionality to the bending of the shaft when the tubular
members bonded together by the diagonal seam have a
different flexibility. For example, the shaft 111 will bend/
deflect towards the side of the diagonal seam having more of
a lower Shore durometer hardness material than the opposite
side of the diagonal seam. Thus, the shaft will curve
inwardly on the side of the shaft having the proximal end
121 of the diagonal seam 120 between the inner tubular
member 118 and the soft tip member 119 (formed at least in
part of a polymeric material having a lower Shore durometer
hardness than the inner tubular member 118). In an embodi-
ment in which the tubular members are not of a different
flexibility at the diagonal seam, the diagonal seam does not
provide bending directionality, although the diagonal seam
nonetheless provides the advantages of a strong but rela-
tively low profile joint as discussed above.

The dimensions of catheters of the invention are deter-
mined largely by the size of the balloon and guidewire to be
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employed, the catheter type, and the size of the artery or
other body lumen through which the catheter must pass, or
the size of the stent being delivered. Typically, the outer
tubular member 17/117 has an outer diameter of about 0.025
to about 0.04 inch (0.064 to 0.10 cm), usually about 0.037
inch (0.094 cm), and the wall thickness of the outer tubular
member 17 can vary from about 0.002 to about 0.008 inch
(0.0051 to 0.02 cm), typically about 0.003 to 0.005 inch
(0.0076 to 0.013 cm). The inner tubular member 18/118
typically has an inner diameter of about 0.01 to about 0.018
inch (0.025 to 0.046 cm), usually about 0.016 inch (0.04
cm), and a wall thickness of about 0.004 to about 0.008 inch
(0.01 to 0.02 cm). The overall length of the catheter 10, 110
may range from about 100 to about 150 cm, and is typically
about 143 cm. Preferably, balloon 14, 114 has a length about
0.8 cm to about 6 cm, and an inflated working diameter of
about 2 to about 10 mm.

Although the tubular members of the shafts 11, 111 are
illustrated as having uniform inner and outer diameters and
wall thicknesses, it should be understood that they can have
tapering inner or outer diameters at various locations along
the length of the shaft. For example, the tip member 19, 119
can have a thinner wall thickness than the end section of the
inner tubular member to be bonded thereto, in which case
the inner surfaces are typically aligned and the outer surface
of the inner member is caused to flow distally during
bonding to smooth the outer surface at the junction.

The shaft outer and inner tubular members and tip mem-
ber can be formed by conventional techniques, for example
by extruding and necking materials already found useful in
intravascular catheters such a polyethylene, polyvinyl chlo-
ride, polyesters, polyamides, polyimides, polyurethanes, and
composite materials. The various components may be joined
using conventional bonding methods such as by fusion
bonding or use of adhesives. The inner tubular member and
outer tubular member are typically multilayered tubing, or
sections of tubing joined end-to-end, as is conventionally
known for balloon catheter shafts. Although the shaft is
illustrated as having an inner and outer tubular member, a
variety of suitable shaft configurations may be used includ-
ing a dual lumen extruded shaft having a side-by-side
lumens extruded therein. Although the embodiment illus-
trated in FIG. 1 is an over-the-wire type balloon catheter
having the guidewire lumen extending from the guidewire
distal port at the catheter distal end to a guidewire proximal
port at the proximal end of the shaft, the catheter can
alternatively be a rapid exchange catheter having a relatively
short guidewire lumen extending from the distal end port to
a guidewire proximal port spaced distally from the proximal
end of the catheter shaft. Additionally, the outer tubular
member typically includes supporting members including a
high strength member such as a hypotube in the proximal
shaft section and/or across the guidewire proximal port in
the rapid exchange embodiment (not shown).

While the present invention is described herein in terms of
certain preferred embodiments, those skilled in the art will
recognize that various modifications and improvements may
be made to the invention without departing from the scope
thereof. For example, although illustrated in terms of
embodiments in which the distal coupling band member is
on the guidewire lumen-defining inner tubular member of
the balloon catheter, the lumen surrounded by the distal
coupling band member can have a variety of suitable designs
and uses (e.g., drug delivery) in addition or as an alternative
to use as a guidewire lumen. Similarly, the diagonal seam
can be used to join shaft segments having a variety of uses
and locations along a shaft of a variety of suitable catheter
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types. Moreover, although individual features of one
embodiment of the invention may be discussed herein or
shown in the drawings of the one embodiment and not in
other embodiments, it should be apparent that individual
features of one embodiment may be combined with one or
more features of another embodiment or features from a
plurality of embodiments.

What is claimed is:

1. A balloon catheter comprising:

an elongate tubular shaft including an outer tubular mem-
ber having a proximal portion and a distal portion, the
elongate tubular shaft including an inner tubular mem-
ber having a distal length extending distally from the
distal portion of the outer tubular member, the elongate
tubular shaft having an inflation lumen and a guidewire
lumen defined therein, the guidewire lumen extending
along at least the distal length of the inner tubular
member;

a distal end section coupled to a distal end of the inner
tubular member, the distal end section having a proxi-
mal end and a distal end; and

a balloon having a proximal portion, a distal portion and
a working length therebetween, the proximal portion of
the balloon sealingly coupled to the distal portion of the
outer tubular member, the distal portion of the balloon
sealingly coupled to the distal end section, the balloon
defining an inner chamber in fluid communication with
the inflation lumen;

wherein the inner tubular member comprises a trilayer
tubular member, and the proximal end of the distal end
section is disposed within the inner chamber.

2. The balloon catheter according to claim 1, wherein the
inner tubular member and the distal end section are coupled
by a lap-joint or a butt-joint.

3. The balloon catheter according to claim 1, wherein the
inner tubular member and the distal end section are coupled
by a lap-joint.

4. The balloon catheter according to claim 3, wherein the
distal end section overlaps the inner tubular member at the
lap-joint.

5. The balloon catheter according to claim 3, wherein the
inner tubular member overlaps the distal end section at the
lap-joint.

6. The balloon catheter according to claim 1, wherein the
distal end section is more flexible than the inner tubular
member.

7. The balloon catheter according to claim 1, wherein the
distal end section comprises a softer polymeric material than
a material of the inner tubular member.

8. The balloon catheter according to claim 1, wherein the
distal end section includes a distal tip member.

9. The balloon catheter according to claim 8, wherein the
distal tip member comprises at least a first material and the
distal length of the inner tubular member comprises at least
a second material, wherein the first material is more flexible
than the second material.

10. The balloon catheter according to claim 9, wherein the
first material has a Shore durometer hardness between about
35D and about 70D.

11. The balloon catheter according to claim 8, wherein a
distal end of the distal tip member has an atraumatic
configuration.

12. The balloon catheter according to claim 1, further
comprising a medical device coupled to the balloon.

13. The balloon catheter according to claim 1, further
comprising at least one radiopaque marker coupled to the
inner tubular member.
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14. The balloon catheter according to claim 1, further
comprising at least one radiopaque marker coupled to the
distal end section.

15. The balloon catheter according to claim 1, further
comprising at least one radiopaque marker coupled to the
distal end section and at least one radiopaque marker
coupled to the inner tubular member.

16. The balloon catheter according to claim 1, wherein the
proximal portion of the balloon includes a proximal skirt
section and a proximal cone section and the distal portion of
the balloon includes a distal skirt section and a distal cone
section.

17. A balloon catheter comprising:

an elongate tubular shaft including an outer tubular mem-
ber having a proximal portion and a distal portion, the
elongate tubular shaft including an inner tubular mem-
ber having a distal end, the elongate tubular shaft
having an inflation lumen and a guidewire lumen
defined therein, the guidewire lumen extending to the
distal end of the inner tubular member;

a distal end section coupled to the distal end of the inner
tubular member, the distal end section having a proxi-
mal end and a distal end; and

a balloon having a proximal portion, a distal portion and
a working length therebetween, the proximal portion of
the balloon sealingly coupled to the distal portion of the
outer tubular member, the distal portion of the balloon
sealingly coupled to the distal end section, the balloon
defining an inner chamber in fluid communication with
the inflation lumen;
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wherein the inner tubular member comprises a trilayer
tubular member, and the proximal end of the distal end
section is disposed proximate the distal portion of the
outer tubular member.

18. The balloon catheter according to claim 17, wherein
the proximal end of the distal end section is disposed
proximal the distal end of the inner tubular member.

19. The balloon catheter according to claim 17, wherein
the proximal end of the distal end section is disposed within
the inner chamber.

20. The balloon catheter according to claim 17, wherein
the distal end section and the distal end of the inner tubular
member are coupled by a bond along a diagonal seam
therebetween.

21. The balloon catheter according to claim 1, wherein the
trilayer tubular member comprises an inner layer including
a lubricous material.

22. The balloon catheter according to claim 1, wherein the
trilayer tubular member comprises a middle tie layer.

23. The balloon catheter according to claim 1, wherein the
trilayer tubular member comprises an outer layer thermally
bondable to the distal end section.

24. The balloon catheter according to claim 23, wherein
the outer layer comprises polyether block amide.

25. The balloon catheter according to claim 8, wherein the
distal tip member comprises a single layer tubular member.

26. The balloon catheter according to claim 25, wherein
the single layer tubular member comprises polyether block
amide.



